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Scheme S4. Proposed mechanism for the formation of Y ions upon CID of GT-derivatized maltoheptaose. 
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Procedure for purification of PRAGS and FRAGS derivatized glycans using C18 pipet tip Figure S5 ), can be employed to illustrate the existence of the branch structure. Moreover, two more characteristic ions, Z 1H +Z 1L -H (m/z 306.2, Figure S5 ) and Z 1H +Y 1L or Z 1L +Y 1H (m/z 324.2, Figure S5 ), which are produced only at the branched site, provide additional evidence for the existence of the branch structure. Furthermore, Z 1H +Z 1L -H ion provides information for the site of reducing terminus.
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FRAGS is capable of identifying branched sites in even more complicated glycans, as outlined in the analysis of the CID spectrum of FRAGS-derivatized Lacto-N-difucohexaose II (Figure 6 ).
The formation of Z 1H +Z 1L -H ion is proposed to occur-via a radical driven mechanism (Scheme S7).
Briefly, dissociation is proposed to occur via hydrogen atom abstraction by the nascent free radical from C2 of the central saccharide unit, followed by homolytic cleavage of the α-glycosidic bond to form a double bond between C2 and C3. The resulting oxygen-centered radical then abstracts a hydrogen atom from C5, followed by homolytic cleavage of the β-glycosidic bond to form a double bond between C4 and C5. 
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Synthesis of FRAGS and PRAGS reagents Methyl 5-(bromomethyl)nicotinate (4)
To a solution of methyl 5-methylnicotinate (3) (1.51 g, 10 mmol) and N-bromosuccinimide (NBS) (2.13 g, 12 mmol) in CCl 4 (50 mL) was added benzoyl peroxide (24.2 mg, 0.1 mmol) under argon. 1 The reaction mixture was stirred under reflux for 10 h. After cooling to room temperature, the reaction mixture was extracted with CH 2 Cl 2 (×3). The extract was washed with brine, dried over anhydrous 
Methyl 5-(((2,2,6,6-tetramethylpiperidin-1-yl)oxy)methyl)nicotinate (5)
To a Schlenk flask was added 4 (1.15 g, 5mmol), (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO, 936 mg, 6 mmol), Cu(OTf) 2 (217 mg, 0.6 mmol), copper powder (32.0 mg, 5 mmol), 4,4'-dinonyl-2,2'-bipyridyl (Nbpy, 818 mg, 2 mmol), and benzene (15 mL). 1 The reaction mixture was degassed by bubbling argon for 5 min and heated at 80 ˚C overnight. After cooling the reaction mixture to room S12 temperature, it was filtered through a short pad of silica gel using EtOAc. The filtrate was concentrated in vacuo and the residue was purified by flash column chromatography using hexane-EtOAc (3 : 1).
The desired product 5 was obtained as a white solid (1.16 g, 76% (5- (((2,2,6 ,6-Tetramethylpiperidin-1-yl)oxy)methyl)pyridin-3-yl)methanol (6)
To a solution of 5 (1.07 g, 3.5 mmol) in anhydrous ethanol (20 mL) was added sodium borohydride (266 mg, 7 mmol) portionally under argon. 2 The reaction mixture was stirred under reflux overnight.
After cooling to room temperature, the reaction mixture was diluted by adding 50 ml EtOAc, washed by water and brine, dried over Na 2 SO 4 , filtered, and concentrated in vacuo. The crude product was purified by flash chromatography on silica gel (hexane-EtOAc 1 : 1 to 1 : 5) to give the desired product 6 as a white solid (731 mg, 75% 5-(((2,2,6 ,6-Tetramethylpiperidin-1-yl)oxy)methyl)pyridin-3-yl)methoxy)isoindoline-1,3-
2-((
dione (8)
To a solution of 6 (557 mg, 2 mmol), 2-hydroxyisoindoline-1,3-dione (7, 391mg, 2.4 mmol), and triphenylphosphine (629 mg, 2.4 mmol) in anhydrous THF (20 mL) was added a solution of diisopropyl azodicarboxylate (DIAD, 525 mg, 2.6 mmol) in 5 ml anhydrous THF at 0 ˚C under argon. 3 The reaction mixture was stirred at 0 ˚C for 30 minutes and then warmed to room temperature and stirred overnight. The reaction mixture was washed by water and brine, dried over Na 2 SO 4 , filtered, and concentrated in vacuo. The crude product was purified by flash chromatography on silica gel (hexane- (((2,2,6 ,6-tetramethylpiperidin-1-yl)oxy)methyl)pyridin-3-yl)methyl)hydroxylamine
O-((5-
(FRAGS, 2)
To a solution of 8 (1.07 g, 1.5 mmol) in anhydrous ethanol (20 mL) was added hydrazine hydrate (N 2 H 4 , 50-60%, 0.86 mL, 15 mmol) portionally under argon. 3 The reaction mixture was stirred under S14 reflux overnight. After cooling to room temperature, the reaction mixture was concentrated in vacuo.
The crude product was purified by flash chromatography on silica gel (CHCl 3 -Hexane 3 : 1) to give the desired product 2 as a white solid (378 mg, 86% 
